Introduction
The extractive industry of marble, particularly for ornamental stone, has high incidence in the counties of Estremoz, Borba and Vila Viçosa, where several hundreds of quarries exist in this region. Whenever quarrying works are initiated, the removal of both cover vegetation and soil is required, in order to allow marble exposure. The residual soil, called terra rossa, is normally deposited around the quarry cavity being formed, sometimes in a careless way, making difficult future extractive activity in nearby sites, as well as the environmental restoration of the quarry.
Physical, chemical, mineralogical and technological studies were planned and carried out on several soil samples collected in different deposits of terra rossa, looking at its potential use as a raw material for ceramic manufacturing, particularly in pottery [1] .
Experimental
Research plan has involved the following phases:
1) Inquest, with socioeconomic purposes, addressed to potters from Redondo and S. Pedro do Corval; 2) Field work for terra rossa sampling; 3) Laboratory tests for sample physicochemical and mineralogical characterization; 4) Laboratory tests for sample technological characterization; 5) Industrial tests. To assess the actual situation of pottery activities in both Redondo and S.Pedro de Corval an inquest form was distributed to potters aiming at a survey of their socioeconomic situation, as well as to obtain information regarding the most adequate clay raw material and the traditional processing of the raw materials and manufacturing of pottery pieces [1] .
Based on the processed information it was possible to find out the actual scarcity of quality clay raw materials in the quarries located close to the pottery producing centers, the reason why potters have to buy industrially prepared clay pastes, either in the national market or in foreign markets. Potters are quite satisfied with the quality of the available commercial pastes. However, most of the artisans mentioned that the commercial pastes do not simultaneously fulfil the requirements for the manufacturing of both utilitarian and decorative products. As a matter of fact, the commercial national clay pastes are considered to be more suitable for the production of utilitarian products, whereas the clay pastes imported from Spain are considered to be more adequate for the production of decorative products. Bearing this in mind, we have decided to select some terra rossa deposits located in the counties of Vila Viçosa and Borba, some thick and still well preserved, granting their little or none contamination by other materials. Therefore, six samples were collected, each weighing 20 to 25 kg, and a reference clay sample was collected in Herdade do Azinhalinho, located in the Redondo municipality. This sample was the only one collected outside the marble quarrying areas, in a ground where presently clay or "barro" is still used for pottery manufacturing.
All the six samples of terra rossa and two samples of commercial clay pastes traditionally used by potters were submitted to physicochemical and mineralogical tests, as well as to technological and industrial tests. Sample references and short descriptions of their origin are briefly presented:
(1) Biblio VV I and (2) Biblio VV II -Terra rossa soils which have resulted from the excavation carried out for the construction of the new Municipal Library of Vila Viçosa. The two samples correspond to soil horizons distinct in terms of texture, colour and plasticity. (3) Borba VV -Soil from a terra rossa deposit with volume around 3000 m 3 , that has derived from the uncovering of marble quarries located aside the national road 255, between Borba and Vila Viçosa. (4) Monte da Lagoa -Soil from a terra rossa deposit with a volume around 6000 m 3 that is located southeastern to the Estremoz anticlinal. (5) Lagoa Linha de Água -Soil from a terra rossa deposit located in a site close to the Monte da Lagoa deposit, which thickness, in places, reaches about 7 meters. (6) Azinhalinho -Soil from a small clay quarry located nearby Vila de Redondo, which is sometimes extracted for pottery. It overlies igneous rocks, such as granodiorite, quartzdiorite and diorite, and is the result of these rocks weathering. Potters use the clay or "barro" from some horizons easily recognized by their finer granulometry (equivalent spherical diameter lower than 2 µm) and higher plasticity [2] . (7) Interpastas -National commercial clay paste (Caldas da Rainha). (8) Ceramica Collet -Clay paste imported from Spain.
All samples were submitted to the following physicochemical, mineralogical, and technological characterization tests: Granulometric Analysis. Grain size analysis was performed in two phases: 1) for particles with equivalent spherical diameter higher than 0.075 mm the method of wet sieving was adopted based on the specification of LNEC E 239:1970. ASTM sieves were used (no. 3/8 -9.5 mm; no. Atterberg Consistency Limits. The liquid limit, also known as the upper plastic limit, is the water content, in percent, at which a soil changes from the liquid state to a plastic state. In the present study, the liquid limit was determined according to the Portuguese norm NP 143 (1969), using a Casagrande cup, being the boundary between the liquid and the plastic states of a soil. On the other hand, the plastic limit, also known as the lower plastic limit, is the water content at which a soil changes from the plastic state to a semi-solid state. It is determined by the water content at which soil cylinders of about 3 mm in diameter begin to crumble when rolled by hand (palm and fingers) on a glass plate. Organic Matter Content. It was determined by oxidizing organic matter using hydrogen peroxide (H 2 O 2 ) at 35%. Mineralogical Composition. The minerals composition was determined by X-ray diffraction. To obtain the X-ray diffraction patterns a Philips diffractometer was used, constituted by a PW 1050/70 generator, a PW 1710 diffractometer control and PM 8203A recorder. The radiation used was Cu Kα (λ = 1.5405 Å), filtered (Ni filter) with no complete monochromatization. The operating conditions were as follows: 30 mA, 50 kV, sensitivity of 3 × 10 3 , goniometer rotational speed of 1º (2θ)/min and displacement speed of the recording paper 1 cm/min.
For this purpose, after drying and grinding, 1g of each sample consisting of particle sizes lower than 63 µm were used. Chemical Composition. Chemical analysis was carried out by X-ray fluorescence (XRF) applied to the size fraction lower than 63 µm and to the natural sample. Major element contents have been expressed as oxides: SiO 2 , Al 2 O 3 , Fe 2 O 3 (total), MnO, MgO, CaO, Na 2 O, K 2 O, TiO 2 e P 2 O 5 . The loss on ignition (L.I.) was determined on a dried sample heated at 1100ºC for 1 hour.
These tests were also performed on samples that undergone milling under dry conditions, in a hammers mill, which were then wet passed through a 0.125 mm sieve, in order to obtain particle sizes and plasticity parameters similar to those measured for the commercial clay pastes (Interpastas and Ceramica Collet).
Samples (fraction less than 0.125mm) technological characterization involved the conformation of test bodies that has allowed the determination of the following parameters: Workability, Extrusion, and Shaping. The extrusion process used to shape the test pieces is a process that ensures reliability and is one method widely used in the ceramic industry. For each sample, 80 cylindrical test pieces were prepared according to the procedure C-00-98, adopted at the CENCAL laboratory. One Macocer extruding machine has been used allowing the production of test bodies perfectly straight and measuring about 100 mm long and 10 mm in diameter. In order to obtain test pieces perfectly straight and without deformation, the pressure used in the extruding machine was controlled between 1.5, 2 and 5 bars to avoid defects that could show up in the test pieces after drying and firing. Retraction Green-Dry, Retraction Dry-Fired and Total Retraction. The test for obtaining the linear retraction was performed on the basis of the control process procedures C-07-98 CENCAL and aims at determining the contraction which a given clay raw material suffers during its drying or firing.
In samples bodies, after extrusion two grooves spaced 50 mm, were made with a calliper. After drying at 110 °C for 24 h and after firing to 870ºC and 970ºC, measurements were performed allowing the calculation of the retraction values according to the following equations (Eq. 1, Eq. 2 and Eq. 3).
After drying the ceramic test bodies were fired in an electric kiln programmed to attain the maximum heating temperature of 1000ºC. Two shelves were incorporated into the kiln, one Buller ring 55 was placed on the bottom shelf, and PTCR ring 058 ETH was placed on the top shelf. Firing took place during 1h30m with a dwell time of 30 minutes at the maximum temperature, this temperature being measured by the Buller rings respectively recorded at 870ºC and 970ºC. Bending Strength. Based on the control process procedures (C-04-98 CENCAL) the determination of bending strength was performed by the method called "three point bending" using cylindrical test pieces of dimensions 100 mm × 10 mm, dried and fired at temperatures 870 ºC and 970 ºC. The test was performed on a Zwick test machine, where the test pieces were placed on two fixed supports spaced 70 mm. For gradually applying the load at the midpoint of the cylindrical test body (until it fractured) a crosshead displacement speed of 150 mm/min was used. The modulus of rupture (MOR) was determined according to the equation:
where:
F is the load (force) at the moment of fracture L is the length (0.070 m) between the two fixed points in support of the sample D is the diameter of the cylindrical test piece.
Water Absorption. Water absorption was determined on the basis of the control process procedure C-03-98 CENCAL. The tests were performed in the fragments of the test bodies obtained after the evaluation of bending strength. We recorded the weights of the dried bodies and then immersed in water for 24 h, at room temperature. After this period of time, the surface water was removed using a damp cloth, and were weighed again. The absorption percentage was determined by the difference between the weight of wet and dry fragments divided by the dry weight of the fragments. Thermal Dilatometric Analysis. For this analysis, the test pieces were cut to approximately 25 to 30 mm in length and placed in the dilatometer Bähr DIL801L; the computer software WinTA 7.0 was used for data recording. The heating rate was 10 °C/min to a maximum temperature of 1000°C. Industrial Tests. The drying of the pottery pieces was carried out at a location of the Pottery of Mestre Xico Tarefa where the prevailing conditions (ventilation and space between pieces) were appropriate for a homogeneous drying of all pottery pieces. After being dried the pottery pieces were fired during 6h. In the first 4 h the heating rate was low (75 ºC/1h) up to 300ºC, since during this stage the pieces lose all the moisture they contain. After 5h of firing the kiln attained 700ºC and later 6h the kiln has attained 900 -920 ºC. In order to stabilize both mineralogical and structural transformations the pottery pieces were maintained 10 min at the maximum heating temperature. The fired pottery pieces were grouped into 3 sets: one set was submitted to the water absorption test; other set was used to test the crockery resistance for use in oven; another set was submitted to glazing.
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The water absorption test was based on Norm EN 1217:1997. Test pieces produced of each raw material were placed inside an oven at 110 °C for 24 hours to dry to constant weight. After determination of their initial weight (dry), were immersed in boiling water for 1h 30 m. Afterwards, the pieces were left immersed in water for 24 h. Finally superficial water was removed with a damp cloth, and then weighed. Water absorption was determined as mentioned for the extruded test pieces.
Taking into account its use in utilitarian pottery, the as-fired pottery pieces were submitted to sudden variations of temperature, in order to macroscopically observe any defects at their surfaces. Hence, the ceramic pieces were submitted to two heating and cooling cycles, following the methodology used in the CENCAL laboratory. The first heating cycle attained 180ºC, and afterwards the ceramic pieces were fully soaked into water at 16ºC. The second heating cycle attained 250ºC, and afterwards the ceramic pieces were fully soaked into water also at 16ºC.
After being fired the pottery pieces were glazed using a transparent glaze (reference V202 of Vitrifer). The glaze firing temperature was around 940 -950 ºC.
Results of the Physicochemical, Mineralogical and Technological Characterization
The results of the tests carried out in the clay raw materials after milling and sieving are shown in Tables 1 to 5 .
Particle size analysis was performed in two stages, as previously mentioned. Table 1 shows the data obtained for particle size analysis. Particle size limits for sand, silt and clay were defined using Atterberg's classification. Table 1 -Particle size parameters of the studied samples obtained after milling.
Within the terra rossa soils collected in the Estremoz anticlinal region, the one that showed higher granulometry is (5) Lagoa Linha de Água, which is similar to the soil "barro" (6) Azinhalinho one. In terms of clay fraction content, the soil (2) Biblio VV II, and the industrial pastes (8) and (9) are similar. The remaining soils (1) Biblio VV I, (3) Borba VV and (4) Monte da Lagoa showed higher clay contents. It is worth noting that 50% of particles in soils (1), (3) and (4) show equivalent spherical diameters lower than those measured for the commercial pastes (7) and (8).
Both plasticity and workability are relevant properties for the characterization of clay raw materials. The Atterberg consistency limits were determined on both milled and unmilled samples, and the plasticity index has increased for the milled samples in all raw materials: (2) -unmilled 13%; milled 20%; (3) -unmilled 18%; milled 20%; (4) -unmilled 15%; milled 19%; (5) -unmilled 4%; milled 6%; (6) unmilled 13%; milled 14%). (1) Biblio VV I sample has shown an abnormal behaviour (unmilled 22%; milled 14%). In general, plasticity and granulometry are directly correlated.
As shown in Table 2 , the plasticity indices obtained for samples (2) Biblio VV II, (3) Borba VV and (4) Monte da Lagoa are higher than those determined for sample (1) Biblio VV I and the commercial samples (7) The mineralogical analysis of the raw materials is crucial to determine its potential for ceramic applications. The X-ray diffraction analysis allowed the identification of both clay and non-clay minerals. According to Gomes [3, 4] each crystalline mineral species provides a specific X-ray diffraction pattern allowing its identification. Table 3 shows the contents obtained by semiquantitative analysis for non-clay minerals (quartz, potassium feldspar, Na-Ca feldspar, chlorite and calcite), clay minerals (kaolinite, illite and smectite), iron hydroxide (goethite) and oxide (hematite). Table 3 shows that most of the samples of terra rossa contain higher contents of hematite and goethite when compared to the commercial ones, which are responsible for the strong red colour they show, and they also contribute as flux agents. Kaolinite and illite are major clay minerals, and quartz is the major non-clay component that has an important role in the volumetric control of ceramic bodies during the firing process. The sample (5) Lagoa Linha de Água showed the highest content of quartz (70%), hence low plasticity and difficulty in shaping test bodies.
Due to their inherent fragility, the mechanical resistance and retraction of the test pieces during drying influences the manipulation of those pieces and can cause damages due to rupture or deformation. Table 4 shows the data corresponding to flexural or bending strength and to retraction after drying at 110ºC for 24 h, known as green/dry retraction (RetG/D). 
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From the analysis of Table 4 it was found that the raw material Azinhalinho (6) is the one that shows the highest MOR value (14.32 MPa) compared to the other materials studied. The lower MOR values corresponding to the remaining terra rossa samples are justified by their coarser grain size. Low MOR values imply very careful manipulation of the ceramic pieces. Relatively to RetG/D, once again the raw material Azinhalinho is the one that shows the highest value (9.17 %), due to its higher clay content, and the raw material Lagoa Linha de Água shows the smallest value (4.48 %) due to its lower clay content. Table 5 shows the results of MOR, RetD/F (retraction dry/fired) and RetTotal (total retraction) and Wa (water absorption) obtained on the test samples fired at 970 ºC. Table 5 -Flexural strength (MOR), retraction dry/fired (RetD/F), total retraction (TotR), and water absorption (Wa) data after firing the test bodies at 970ºC.
With regard to retraction dry/fired at 970 ºC, sample Monte da Lagoa (4.75 %) and samples Biblio VV I and Biblio VV II (5.69 % and 5.32 %, respectively) showed higher retraction values. The commercial clay pastes showed very low retraction (< 0.5%), but higher than the sample Lagoa Linha de Água, because of its relatively high quartz content.
In respect to total retraction, sample Monte da Lagoa and the two samples Biblio VV showed the higher RetTotal values. Samples Azinhalinho and Borba VV, as well as the commercial clay pastes and sample Lagoa Linha de Água, showed the lower RetTotal values.
The modulus of rupture in bending (MOR) of the terra rossa samples collected in the region of the Estremoz anticlinal are comparable to those obtained for the commercial paste ones, with exception for sample Lagoa Linha de Água, which is characterized by a very low MOR value and high water absorption value, suggesting that the temperature selected was too low to obtain fully dense bodies of this material.
Results of Industrial Tests
Industrial tests were carried out at the pottery belonging to Mestre Xico Tarefa, located in Redondo, using samples weighing about 3-4 kg, previously milled and wet sieved in the sieve 0.125 mm. Water was added to samples and the mixture was kneaded before shaping with the potter's wheel. With regard to samples workability, the main conclusions that could br drawn are:
Borba VV -Raw material characterized by exceptional workability, providing the manufacturing of well-shaped and defect-free pieces (Figure 1) .
Biblio VV I and Biblio VV II -Both raw materials possess characteristics similar to those of Borba VV sample, but they show even better workability. In respect to shaping of the potter pieces these samples were easily shaped. Monte da Lagoa -This raw material shows also good workability. The option of making a jar with turned mouth edges (Figure 2 ), confirmed the exceptional plasticity of this raw material. It was not possible to make a jar like this one using any of the other raw materials.
Lagoa Linha de Água -This raw material showed the poorest performance during shaping of the pottery pieces, being suitable as a blend for raw materials richer in clay content.
Azinhalinho -This "barro" known for several decades by potters of Redondo, since it is extracted from a deposit located in the county of Redondo, is actually used just by one potter. Mestre Xico Tarefa considers that this material showed a workability similar to that of the Monte da Lagoa raw material. The water absorption of the shaped pottery pieces data are in agreement with those obtained for extruded test pieces. In fact, with the exception of the Azinhalinho sample, the water absorption values are slightly higher than those obtained for the commercial clay pastes; Biblio VV I (22%), Biblio VV II (26%), Borba VV (20%), Monte da Lagoa (21%), Lagoa Linha de Água (21%), Azinhalinho (14%), Interpastas (15%) and Collet (17%). This is not surprising taking into account the data shown in Table 5 .
No macroscopic defects were observed in any ceramic piece after thermal shock testing performed under the conditions described in the experimental.
Global Stone Congress
The manufactured pottery pieces showed good conformity between clay paste and glaze ( Figure  3 ). It should be mentioned that only the piece manufactured with the raw material Biblio VV I showed some superficial bubbles that could result from the fact that the glass layer was too thick or from a too fast firing rate. In the piece manufactured with the raw material Lagoa Linha de Água the formation of a sort of craquelet could be observed. It should be mentioned with regard to this pottery piece that already the shaping of the corresponding test bodies at the CENCAL laboratory was relatively difficult. 
Conclusions
The studies carried out have shown the technical feasibility of making pottery from clay raw material known as terra rossa sampled on soil deposits disposed around marble quarries in the municipalities of Vila Viçosa and Borba. It has been also shown that most of the samples have properties suitable for its use as a raw material in the unique traditional pottery of Alentejo.
An interesting aspect of this study is the singular colour shown by the ceramic pieces manufactured with the soil Biblio VV II as can be seen in Figure 3 . In fact, the dark brown colour is rare among the ceramics produced in Alentejo, thus revealing a unique aesthetic aspect.
The results of the tests carried out using the samples of terra rossa for manufacturing pottery pieces are rather promising, and comparable to those obtained when the commercial clay pastes were used. Even the sample Lagoa Linha de Água which exhibited the poorest performance, can be regarded as a useful ceramic raw material, since it is the only one that possesses K-feldspar (Table  3) , an important mineral that acts as a flux allowing the firing of the ceramic bodies at lower temperatures and the efficient evolution of the gases present in the clay paste, promoting both the increase of mechanical resistance and the decrease of structural defects present in the manufactured ceramic pieces [5] .
Local scarcity of quality clay raw materials required to feed the potteries of Redondo and São Pedro do Corval is the reason why potters are presently buying commercial clay pastes that do not entirely satisfy the technological requirements. The terra rossa of the deposits that were studied can replace the commercial pastes currently being used. The available identified terra rossa deposits possess reserves that can feed the potteries of Redondo and S. Pedro do Corval for several decades. Nevertheless, research should proceed involving a more in-depth characterization of the terra rossa deposits in order to validate the data obtained in the present work.
